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[ Abstract] Obijective To study the relationship between lipid metabolism and liver function indexes in
prediabetic population, and explore the predictive value of these indexes for prediabetes. Methods 546 patients
with prediabetes who underwent physical examination in the First Affiliated Hospital of Xi’ an Jiaotong University
from April 2020 to August 2021 were selected as case group (PreDM group) and 546 patients with normal glucose
tolerance as control group (NGT group). There was no significant difference in baseline data between the two groups
after tendency matching score. The levels of lipid metabolism and liver function indicators were compared between
the two groups; the correlation between lipid metabolism and liver function indicators in the PreDM group was
analyzed; the influencing factors of prediabetes were screened by using binary logistic regression analysis; the

predictive effect of lipid metabolism and liver function indicators on prediabetes was judged by using the ROC curve.
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Results  Glutamic pyruvic transaminase (ALT), glutamic pyruvic transaminase/glutamic oxaloacetic transaminase
ratio ( ALT/AST) , cholinesterase ( CHE) , ecamma glutamyltransferase ( GGT) , total cholesterol ( TC) ,
triglyceride (TG), high density lipoprotein cholesterol (HDL-C), low density lipoprotein cholesterol (LDL-C),
total cholesterol/high density lipoprotein cholesterol ratio ( TC/HDL-C) and triglyceride/high density lipoprotein
cholesterol ratio (TG/HDL-C) in PreDM group were higher than those in NGT group (all P < 0.05). Spearman
correlation analysis showed that TG/HDL~-C in PreDM group had the positive correlation with ALT, ALT/AST,
CHE and GGT (r=0.256, 0.256, 0.293, 0.122, all P< 0.05). Muliivariate stepwise logistic regression analysis
showed that ALT/AST, GGT, TC/HDL-C and TG/HDL-C had the greatest effect on prediabetes ( OR = 2.124,
1.027, 1.196, 1.260), and the combination of the four had the highest differential diagnostic value (AUC > 0.70).

Conclusion There are more abnormal indexes of blood lipid and liver zymogram in prediabetic population, and

the combination of ALT/AST, GGT, TC/HDL-C and TG/ HDL-C is more effective in predicting prediabetes.
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¥ (diabetes mellitus, DM) 1Y & J5k R 7 4 tH 5910 [
R AR F I3 AR 15O & (normal
glucose tolerance, NGT) [a] DM # & 09 1 U v B¢ ,
R PR T A (prediahetes mellitus, PreDM )& 7 B
PRI K 2 0 BT 45, PreDM ELJCH 1 4~ H 2552
FIOCHER AL T AR, % T2 W7 PreDM HHE
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JHF it 3% 30 5 = FE DM /MRS DM B & AU
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L, BAEH I = . HEEE . BEAR . #EAR SR
AZAE T, H PreDM AHE T D1 6EZKF- 5 1 AR AX:
ARG ar,  OR DL F ST 4Rl o ASBF ST AR
PreDM A2 REFE A1 5 1 IE AR 5EHH8 45 K F- 0 2
HWKFR, WILTIEPRIE PreDM (135 HEA: HAR(E
W5 LR PreDM B BUAEHT, 5 7E 4 PreDM .
S0 5 P LA T L AR £ B 50 A7 1) e R R

1 #AREFIE

1.1 FFARIFH

WFFE 0 4 3 6T 2020 4F 4 H &= 2021 4E 8 A
VG £ A8 30 R 5 — i B o I B ARG Hh O PR A A
., SRAMPEVC RT3, DASEZR R b DL L
A, ¥ PreDM B35 1 A 14 (PreDM 4H), $%
HE 12 1 VLPE NGT & X 4L (NGT 41). NGT 241
546 5, B 4354, Lok 1L, AR E
25~70 % ; PreDM 41 546 1], B¢ 418 i, Zk

128 ], 4RSS 22 ~ 70 % . PreDM EE N E
Wiz, Z2WBriRAE (i E 2 BB IR B iR 48 B
(2020 4Eh) ) ZWits HESEA TS, BT A AFRE AT 41
SERL T B . R SRR 24 s (Rt L R T
PR SR . TEMRKRRT 1 A28 EIRIRE, R
B DR T #IICR M. HEBRARAE: TN ;
P LA L RS L B TOT
s ERERGAE . OmAE KA s A S fepie bk
P s MHIEEE ; IR . ZMESE I TP
B 3H K 2F 5 — P T 5 B I 2 A P 23 B 2 I o O B
ARG S [ 2 (XJTU1AF2022LSK~159).,
1.2 L& GRF A%

R FHRUA4E IR i 0 2 S 25 1 (total protein, TP).
TR H B 2 00 5 11 85 A (albumin, ALB). PR %
P30 52 LT 2R (total bilivubin, TBIL) Al EL#2H
41 % (direct bilirubin, DBIL), [ 350 2 & N 7 2
fiff ( alanine aminotransferase, ALT). % 5. %% & fiff
(aspartate aminotransferase, AST). RH#H M5 & ( cho—
linesterase, CHE). ~v-%& o, Pk 5L 5% B2 1l ( gamma
glutamyltransferase, GGT) . J&L AH [& B (total chol-
esterol, TC). H ¥l =¥ (triglyceride, TG). /&%
B 5 25 H AH [5 B Chigh density lipoproteincholesterol ,
HDL-C) . ik % J& fg &5 /1 JH [& B (low density
lipoproteincholesterol , LDL-C) #1 1fiL ¥ ( glucose,
GLU), Bk&EH (globularproteins, GLO) & TP H1
ALB 218, A4 841 % (indirect bilirubin, DBIL)
SHTBIL A1 IBIL 2%{H. TP. ALB 1 CHE &5 /1 /4
NG e AP A BRA AR AL, ALT, AST. TBIL,
DBIL #1 GLU i3 i1 & + e i ot s 25tk X 24t
fe ik, #MAAs & A H A H 57 LABOSPECT 008
AS & A AT, &debR, TP, GLO Al
ALB S B BT 5 AT S 2 DI BE s TBIL. DBIL Al
IBIL s BRAHZLZACHIE O s AST FI ALT Sz W48
FRLA5 0 A5 B2 5 CHE Sz i i I 5 ik 22 ik 4 B 6E
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B MIRIER AT x 2 A LR 2 AR AR A
48 #5 % F Wilcoxon Bk A 5% ; 2R H Spearman
B AR 5 o3 A AL i R i ] AR G s Z IR
Logistic [H1 573 Mk “ & 215”7 434 PreDM 1Y
SRR s ROC Mo Hr MLAS FIAT B XT Pre DM £
ZWkhE; P<0.05 hERBAGIH AR

2 #R
2.1 HISHRTE2 ARG RILE

F T BB 4 45 bR 7E NGT 2 F1 PreDM 4H 6] 19
KEER, AR5 E X8R EAT T 2 410 L

B, R EM. (D24 m A TP, GLO, ALB,
ALB/GLO {8 . TBIL. DBIL. IBIL Fl AST /K F-
TGt 2% (P>0.05); (2)PreDM 4 () ALT,
ALT/AST b {H . CHE., GGT. TC. TG, HDL-C.
LDL-C. TC/HDL-C #1 TG/HDL-C [t {ti /K & T
NGT 4H(P<0.05), WF 1,
22 BERIS S FERAMEXES T

FEWIEA T R AC AU S bR fE PreDM 41 55
TrE )G, ABFFEXR; PreDM 411 Tl 4 04548 (ALT
ALT/AST. CHE. GGT) FfgfCif 5 #5 (TC. TG,
HDL-C. LDL-C. TC/HDL-C. TG/HDL-C)#4T T
Spearman A M4 HT. S5 ER: (1)TC, LDL-
C 55 CHE, GGT 2IEAH5E; (2) HDL-C 435I
5 ALT. ALT/AST 2£HAHE; (3)TG. TC/HDL-C.,
TG/HDL-C 43 5| 5 J Bl 4 50 45 #r 25 &2 1F A OC ;
(4) A g fs bR, ALT 5 TG/HDL-C AH G
ik (1, =0.256, P=0.000), ALT/AST 5 TG/HDL-

® 1 JIERE 2 ARG RILE (M(P25, P75)/n(%)]
Tab.1 Comparative results of each indicator in the two groups [M(P25, P75)/n(%)]

i NGTH (n=546) PreDM4H (n=546) 7 P
il -1.244 0.242
L2z 435 (79.67) 418 (76.56)

5’8 111 (20.33) 128 (23.44)

HiR (%) 55.00 (46.00, 61.00) 55.00 (48.00, 61.00) -0.498 0.618
TP(g/L) 72.00 (69.50, 74.60) 71.90 (69.43, 75.18) —0.582 0.560
GLO(g/L) 26.10 (23.90, 28.10) 25.90 (23.63, 28.70) -0.072 0.942
ALB(g/L) 45.75 (44.00, 47.60) 45.90 (44.20, 47.70) -1.012 0.311
ALB/GLO 1.80 (1.60, 1.90) 1.80 (1.60, 2.00) -0.536 0.592
TBIL(pmol/L) 14.30 (11.22, 18.38) 14.80 (11.70, 18.30) -0.937 0.349
DBIL(pmol/L) 3.80 (2.90, 4.80) 3.70 (2.70, 4.70) -1.778 0.075
IBIL(pmol/L) 10.60 (8.40, 13.50) 10.90 (8.53, 13.78) -1.676 0.094
AST(U/L) 20.00 (17.00, 24.00) 21.00 (17.00, 25.00) -1.421 0.155
ALT(U/L) 20.00 (16.00, 28.00) 24.00 (18.00, 34.00) —6.287 <0.001"
ALT/AST 1.00 (0.83, 1.26) 1.20 (0.94, 1.50) —7.887 <0.001"
CHE(U/L) 76.00 (65.00, 91.75) 80.00 (67.00, 96.00) -2.737 0.006"
GGT(U/L) 23.00 (17.25, 33.00) 31.00 (23.00, 49.00) -9.945 <0.001"
TC(mmol/L) 4.60 (4.08, 5.08) 4.70 (4.09, 5.39) —2.954 0.003"
TG(mmol/L) 1.29 (0.96, 1.89) 1.63 (1.19, 2.63) -7.767 <0.001"
HDL-C(mmol/L) 1.22 (1.05, 1.43) 1.12 (0.99, 1.30) -6.003 <0.001"
LDL-C(mmol/L) 2.91 (2.40, 3.40) 3.03(2.39, 3.59) -2.006 0.045"
TC/HDL-C 3.67 (3.14, 4.28) 4.13 (3.47, 4.77) —7.433 <0.001"
TG/HDL-C 1.08 (0.74, 1.67) 1.46 (0.98, 2.45) -8.194 <0.001"

"P<0.05,
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C M 1 f 3% (r, =0.293, P = 0.000), CHE5
TC/HDL-C #H 3¢ 1% #i% 5% ( r,=0.139, P = 0.000),

GGT 5 TG AH KM fe i (1, =0.385, P=0.000), W
*2. K1,

%2 IMmASFI ALT.ALT/AST.CHE.GGT Hy#8 %14
Tab.2 Correlation of blood lipids with ALT, ALT/AST, CHE and GGT

st ALT ALT/AST CHE GGT
Ty P T P Ty P Ty p

TC(mmol/L) 0.034 0.424 <0.001" 0.992 0.110 0.010° 0.232 <0.001"
TG(mmol/L) 0.236 <0.001" 0.242 <0.001" 0.118 0.006" 0.385 <0.001"
HDL-C(mmol/L) —-0.190 <0.001" —-0.270 <0.001" —0.079 0.067 —-0.072 0.095
LDL-C(mmol/L) 0.006 0.889 0.017 0.687 0.088 0.039° 0.134 0.002°
TC/HDL-C 0.175 <0.001" 0.214 <0.001" 0.139 0.001" 0.255 <0.001"
TG/HDL-C 0.256 <0.001" 0.293 <0.001" 0.122 0.004" 0.340 <0.001"
GLU(mmol/L) 0.006 0.895 0.033 0.447 0.052 0.226 0.015 0.729

T B AW, R Spearmantfl X1 /34, P < 0.05.
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Fig.1 Correlation matrix of blood lipids with ALT,
ALT/AST, CHE and GGT
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2.3 BEK B FNATEE 35 AR 3T PreDM & Mg B E &Y

Logistic B35 #7

by i BE K2 W PreDM (Y fE R IR, LLEE N
PreDM & [H 75 & (NGT 21=0, PreDM Z=1), 24
A geit2e 22 T A HEbR o A28 i, 3 mll AT
520 PreDM AU LRI R ML A &R Logistic [FIIH 4347 .
FLRE Logistic MIH 3 Hr &5 R B R, ALT/AST Xf
PreDM RYSZMAE K, OR{H43 50 4.197(95%
CL: 2.957-5.956), £ E Logistic [FIT434745 5 &
/i, ALT/AST. GGT. TC/HDL-C I TG/HDL-C J&
S PreDM B 2 37 f5 6 P 2 (OR = 2.124, 1.027,
1.196. 1.260, P<0.05), W% 3,
2.4 BER G BFFEEIS IR REL S N3T PreDM B2

TEBHHM T ALT/AST. GGT. TC/HDL-C F1 TG/

HDL-C4 THHE bR 50 PreDM AU ST G R £
A58 M FH —.JT Logistic [F1H 37 (1) A 3R 7
4 T FRIE A, FE7 Logistic [BIH AR AL, %
B I AR T L, 0BT X PreDM. Y217
MAE. G5 R W~ (1)Lh1.30 mmol/L 3% Wi {H ,
TG A 5 & 1Y R (68.80%); (2)L3.73 mmol/L
S # B, LDL-C A & & 1955 55 B (88.40%) ;
(3)Lh25.50 U/L AT E, GGT A fiw = i B M 1
IE (63.20%); (4)Logistic [0l A4 AY A5 &% =5 1Y FH
PE FUM A (75.50% ) F12 Wi 5% fiE (AUC=0.709), UL
F*4. K2,

3 itig

3.0 ATIMRHNEX

FE PreDM R E M 10 a AT 15.5% &
MAEN 35.2%, ] 2045 g eBk 740N,
It Hm3k 70% 1) PreDM 43 & J& 4 DMV, [ i,
X PreDM A B 47 LA i A A0 T30, & DM
PRy Erh 2 8, MR . 20 . EDUWAYHE AR X
PreDM [ i N FE A i 2 N AT SR s, BT
U, ARWFIEGN A L 500 H RS ) BT D) BE F8 b
(TP. GLO. ALB. ALB/GLO. TBIL. DBIL, IBIL.
AST. ALT. ALT/AST. CHE F1 GGT) #lIfil i 48 br
(TC. TG. HDL-C. LDL-C. TC/HDL-C 1 TG/
HDL-C), PAHGRZ|FIAFM PreDM (1) H .
3.2 BBRIGSHEBHNERS T

ARG 1 ek IS RE AN LA 8 AR AT NGT 4
1 PreDM ZH 7K HeA . S5 R BN LTRSS
WINBETE R (TP, GLO. ALB. ALB/GLO) Fl%%iz |
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Tab.3 Logistic regression analysis of the influencing factors of lipid metabolism and liver enzymes on PreDM

fatR i SE Wald P OR 95%CI
AR AT
ALT(U/L) 0.037 0.005 49.765 0.000" 1.038 1.027 ~ 1.049
ALT/AST 1.434 0.179 64.484 0.000" 4.197 2.957~5.956
CHE(U/L) 0.008 0.003 7.713 0.005" 1.008 1.002 ~ 1.014
GGT(U/L) 0.038 0.004 85.570 0.000" 1.039 1.031 ~ 1.048
TC(mmol/L) 0.226 0.068 11.146 0.001" 1.253 1.098 ~ 1.431
TG(mmol/L) 0.584 0.074 62.203 0.000" 1.793 1.551 ~2.073
HDL-C(mmol/L) —1.306 0.230 32.252 0.000" 0.271 0.173 ~0.425
LDL-C(mmol/L) 0.148 0.075 3.871 0.049° 1.160 1.001 ~ 1.344
TC/HDL-C 0.527 0.070 57.212 0.000" 1.694 1.478 ~ 1.942
TG/HDL-C 0.540 0.068 62.394 0.000" 1.715 1.500 ~ 1.961
Z R
ALT/AST 0.753 0.198 14.541 0.000" 2.124 1.442 ~3.128
GGT(U/L) 0.026 0.004 37.684 0.000" 1.027 1.018 ~ 1.035
TC/HDL-C 0.179 0.101 3.122 0.077 1.196 0.981 ~1.459
TGHDL-C 0.231 0.089 6.778 0.009" 1.260 1.059 ~ 1.500
W —2.804 0.381 54.048 0.000" 0.061 -
TE: “=7 FoRfdE, "P<0.05.
3+ 4 FIE#RF Logistic EIFEIRT PreDM HYi2 i L 4k
Tab. 4 Diagnostic efficacy of each index and logistic regression model for PreDM
Hhr cutoflfi RHE(%) i) bl SR e p oswa
ALT(U/L) 29.50 37.20 79.10 64.00 55.70 0.163 0.610 0.000" 0.577 ~0.643
ALT/AST 1.32 40.60 80.70 67.80 57.60 0.213 0.638 0.000" 0.605 ~0.671
CHE(U/L) 72.50 66.80 42.30 53.70 56.10 0.092 0.547 0.008" 0.513 ~0.581
GGT(U/L) 25.50 65.90 58.60 61.40 63.20 0.245 0.674 0.000" 0.642 ~0.705
TC(mmol/L) 5.21 32.00 81.20 63.00 54.40 0.132  0.551 0.004" 0.517~0.585
TG(mmol/L) 1.30 68.80 50.00 57.90 61.50 0.188 0.636 0.000" 0.603 ~0.669
HDL-C(mmol/L) 1.16 57.50 60.10 59.10 58.60 0.176  0.605 0.000" 0.572~0.639
LDL-C(mmol/L) 3.73 22.20 88.40 65.80 53.20 0.107 0.535 0.045" 0.501 ~0.570
TC/HDL-C 393 58.80 61.80 60.60 60.00 0.206 0.630 0.000" 0.597 ~0.663
TG/HDL-C 1.35 55.10 65.30 61.30 59.30 0.204 0.643 0.000" 0.611~0.676
Logistic 0.588 45.20 85.30 75.50 60.90 0.305 0.709 0.000" 0.678 ~0.739
*P<0.05,

R4 45 F5 (TBIL. DBIL. IBIL)ZE2 4H 6] 2% 5+
TG 245 L (P>0.05); 1M 2 BT 41 il 52 151 38 b
(AST. ALT. ALT/AST. CHE Fil GGT)BEAST 4},
H A8 b5 PreDM 4 B 2 5 F NGT 41 (P < 0.05);
T 52 W i Joa ARG i 1 B 3 8 s LA K LU B (TC L TG,
HDL-C. LDL-C. TC/HDL-C. TG/HDL-C), PreDM
BT NGT 44(P<0.05), i Kaneko K 25112
ki, 7€ TG BHFEmPARET, ALT F1 GGT H[A]

B FH e 5 DM AR Z8 0 38 &5 VI AH 5C o Terayama
Y 25 U R A R e 37 561 A e MR 0 2R IE 9 /)N BRAAR 7Y
HROE IR T IR RDTRY . A A T YR AT RN il 0
W SN 42 . Hong S H 25 U4 5IESE GGT i 1
FhiEr 5 DM AL I AR . AORE SO AR E DL K
A I RE U B DI AH G o 545 SCHR e R A A
RHINEER, EFHINAHLK DM F, PreDM
BB O A E 5 . JE Bl
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Ho PREEFT T TN RS WP RE 5 A, A5 R BOR
0. ALT/AST X} PreDM 24 i K (OR = 4.197),

JFHY5 GGT. TC/HDL-C Al TG/HDL-C —#f,
106 1 JESIE PreDM HUMIS fER R o FHIL 4 TS b
2 SEHY Logistic [i]UF UKL RH AL I 47
047 B 5 B e T 2 W7 S RE
ALTAST (AUC-0.638) B A 1 B LU £ C 7555;)%) iﬂ 2 W AL hE
— GGT (AUC=0.674 = ! o SRR AR
02 - A 0 630) (AUC=0.709), {75 H e lf RO B L RE .
— TG/HDL-C (AUC=0.643) 34 AHRRHEIFESBRE
Logistic (AUC=0.709) .
R ABFGEIE 1 LIPS PreDM iy FEAil Y K AU it
1S WIS, & N BOR Z 1Y IR 25 6 Z 00 iR S 4L

B2 ALT/AST.GGT.TC/HDL-C.TG/HDL-C % 4 HE &
il PreDM i ROC
Fig.2 The ROC curves of single and combined detection
for predicting PreDM

DA K JHF 40 i 2 45 R 480k 7 35 45 22 i BB 4 L A7
T I o {HL 122 22 s BB 52 A9 A 6 P ] 250 4 I
SCHERARIE . FET I, AT E RS PreDM B iR
R bR TR HE AR EAT T AT, EE K
BB A N A QR bRk 7, J 2 TG/HDL-
C, HFEEKFE BT LA ALT/AST g FE R IAY T
o IR, 1E PreDM B v, ALT/AST [t
ALT B fg e 4 it & SImE s H X R, A
WFGRUESE, FFARIR & ZEHKHT, RO AC % i
SR 2 HAG B e T i, SR BR R = A
SR SR ARE 1) SRR IR ) S B R 28 100, f
JRFA AR B A P 2R, TG R AT A W ik
Z Rl BEALS 5 R RS 05, BB T Z kA5
iV 40 B L 200 L SR A I AN ok A Ty g ek
ARAELT-8] O ALT, CHE. GGT i % #1241k
IE L i 0 AR RN S B Ny 5 | RS ) A 5 A 4
FRio-200 ) 48 G5R, ALT/AST. CHE. GGT 5 TG,
TG/HDL-C ¥ A & Atk , SR,
3.3 Figtr¥t PreDM %0 E & B Logistic [E1)3

417 R AL W SRR

JEHRIE, TC. TG. HDL-C 1 LDL-C4 5if&5;
I 8 38 A5 B 7= A 5 2 A4S 8 B =z Tl ARG HEE
TC/HDL-C #1 TG/HDL-C), 7& 5 A i & 5 5 T
I E T AT bR, EERFE A EAT LR
22l I 3 R £ 6 FOUIN 0t A K P20 1 TR D T
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